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fjeM of me Invention 

fhe present invention generally relates to implanted 
jsedical #viws f ana aore particularly, pertains to a 
subcutaneous multiple electrode sensing recording and 



&^JLm^M^M^mis^^^smim& - ai» *&» implantation 
of tJrta first carai»c paoeisaker, iasplarstsMe medical 4«vio* 
technology has Mvanoed with the dovalopaient »f 
aopaiatioated » programmable car&i&s pacemakers , 

r- defibrillator arrhythmia control 




{ISM) , usually separatad £» 
into the P-wsvs: arsd ?-vave, in systems which arc assigned to 
aateet the depolarization of tfce atrium snd ventrieie 
respectively .„ Bsjch systems employ detection of the 
oocssrrence of the p~wave and E»fwe, analysis of the rate,, 
regularity, and onset, of variations is the rate of 
raosrrene® of this P-wava and R-waw, the morphology of the 
F**wave and »«*w«ve aria the direction of propagation of the 
depolarization represented fey the f-wto and tt-vave in the 
heart* The detest ion* analysis and storage of mxah Em, data 
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witfein implanted judical 




120 fce&ts per ainut* in 
t» tetesvy i 

. is - 

acceleration in h&krt rat« vitfe : 
roxpfeology. Tacfcymrr&ytliiBlse ( on the other head, 
dh*^»ct«ri*®d fiy &** incr&asa 1b rat* afeov® beats per 
udtiut® not aeo^mpasii^ n^&ssarily toy pfeysdoeX ®xsr©is* or 
«notional stress a«d ar* often accompanied fey herald signs 
including ectopic ventricular . 




rate with < 

Life throat* 

medical treatment. incO&cte hbept rate ventricular tarihyottf&U* 
and ventricular f ibrillatieau S&gfh rate ventricular 
tactiy cardias are characterised toy fairly r&gaiar but wida 
srorpbolQcf? accoapanied ay *<»» degree cf hemodynamic 
aomprorcis*, ventricular fibrillation is a life tferwataning 
tachyarrhythmia ctoraet<aris©d fey completely ^coordinated 
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Of ecdnduotlv* cardiac tissue of the 
of the hMXK, res*atirag ±b a e©upi#t# loett 
of tfeft war a l l heart aa M . As a 
to punp blood effect ivsiy 
ef vaixtri«al«r f teiUafcion, the lack of 
atea blood to the tissues vill load feo d*a£h within 
sudden death if «&ootmt«rtri in. the hospital 
situation is treatod by tb* application of c&rdiov*r»ion oar 
defibrillation shock therapy. High rate atrial tadhyoardiass 
and atrial fibrillation are less life threatening and 




treatment involves the tnplantttioi of * 
having the capability of detecting 
t*«hy*rrhyth»i« ««.d applying p&eia# impress to the heart to 
it to beat at a desired rate in the normal sinus 
to stimulate it at a certain high rata to trftttt 
tachycardias* in the wa^sit of tachyarrythmia, the 
heart may tee artificially stimulate at a faster than normal 
pacing rate to terminate the • 
atrial ■ 




the iamedi&te vicinity of a pacing 1 

Mors recently., the 
daf ibrillator has been implanted in cardiac patients pi 
to suffer ventricular tachycardia and/or f Iferiliation, 
of i 
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fiiserSMHating tachyarrhythmias tztm sinus t&chycar&la 
episodes have been proposed and i^l^nssastsd, me deteetism 
10 and discrimination of arrhyttmio episode remains a subject 

of considerable £»ter«st inasimsch as the f ailure to iwopcnfty' 
discriminate may lead to the misapplication of therapies fee 
tSm patient *s detriment and leading to th® «arly * 
of the implanted device*® power somrce. 
15 IB this regard, it has also been proposed 

M in ; 



: P-¥aws R~»a?6S ; 
s«d/or Of i 

from a point iw time prior to the satisfaction 
of the detection algorithm to a polAt i*» time t&®r®a.«t«r* 
That storage of such data has bm facilitated by tlm 
iHpl«Mmt»tion of microprocessor based signal processing and 
control systems with recirculating baff®rs for receiving 
25 such data and dedicated HAM into vfhich the buffered data way 
he transferred. Ssssfa data may he read out at a later tiss 
by interrogation of the contents of the BAH through the use 




and tachyarrhythmias 

, it has been 

ad ttf&tjmic&llj 
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chronically iaplantable. blood-gas 
sensors, mechanical activity memos* , and tii 
for the comM&ed: detection analysis 



to fee 



The afsra&fttttioirtd systests whicfe. depend on detection 
an® analysis of the FQRST ooaqplex are all dependent upon tftwt 
spatial orientation and tamkmte of electrodes available in or 
around the heart to pick up the deps&arifcation wave treat* 
within the bradycardia pacing systm context, it to bean 
customary to employ p&cmfmnm eXeotrede pair© for 



iited in their capabilities of detecting the 
9atl*n&** heart by a pacing pales and in 
of 



mediated tachycardia. Similarly, 



devices and implantable drug administration devices would 
benefit fro» enhanced capabilities of discriminating 
arr.hytbis.ias and estorlfl-g data associated therewith. 



relative to 

and the heart* The *mipoiar end bipolar nosene 

context, although bipolar and unipolar sensing may also be 
referred tes as 
reegMK&ively * 



wo mmim 



electrode {i*m, t att^e eleeterodte or negative pole) located 
®n or within th* heart, end the other pole (i.e., a»©d* 
electrode or positive pole) rewefcely located from tea heart* 
with eMoear&IeX leads, fear example, the eathede is located 
5 tM distal end of lead iM topically in direst 

contact with tne endocardial tUmam to be stimulated, thn» 
forming a »tip« «ieetrode» ostiverealy, the anode i« 



of the metallic enclosure which ewronnde the 
10 implanted device, «has forcing a "can* electrode and is 
often referred to as the "indifferent* electrode. 

The bipolar electrode configuration has both poles or 
electrodes typically located within the atrial, or 
ventricular chamber of the heart* Kith endocardial leads, 



bipolar configuration, the anode is i 
to the "tip* electrode, spaced apart fey 0,5 to 2.5 at*, «R« 
typieailv fflntnj e ring-like etructnre, referred to as the 

30 "ring* electrode. 

A variety of lead configurations can be ueed to pace 
the heart and sense its dapolar lotion* (whether intrinsic 
or evoked) . Atrial- unipolar cr bipolar electrode 
configurations, as well as ventricular unipolar or bipolar 

25 electrode configurations, have been used tc pace the heart. 

With raspact to sensing, it is well known that bipolar 
and unipolar electrode conf igurations do net yield 



with a unipolar stasia 
configuration, for ™*pl«, only the elactricai event: 
. to the «tip* electrode control the unipolar 
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the cardiac signal will toe similar tor both the "ring* and 
"tip" HHtiDdH, but tia® malting electrogram will fee 
highly dependent upon the «*iimtati©» of the electrodes 
within the heart, optimal leasing will occur, far ssoapls, 
when the swwiag vector defined by the maing eleetrodas is 
parallel with tbe dipol® ds£iaid by the depolarization 
eipjal,, since bipolar electrodes are more closely spaced 
than: their unipolar counterparts, the depolarization signal 
will be shorter in duration then that prodiuced txxm a 
unipolar cenf igmration. Due to a more restricted lead field 

rejection of 




of an electrical stimHi* to cardiac tissue induces a field 
which is generally orders of ssegitlfcude greater in amplitude 
that the field caused by the electrical activity of the 
tissue itself. Whan the stimulus ends, electrical field* 
reataia in tissue primarily due to two factors* The first 
factor relates to the electronical wmiliferiwm at the 
electrode-tissue interfaces, which has fceen disturbed fey the 

itself. 

relates to thm function of th«s ] 
its 




to detect the resulting depolariafttion, 
of depolarization is typically i 

is masked, or hurisd in the axponential decay of the ; 
polarisation charge on th& ( 
stimulation pulse itself, 

U.S. Fat* m* 4,4.m*m& to stein rebate* to a \ 



having an • 

electrodes are utilised, for both passing «n* j 
(±.»„, unipolar or bipolar) , and wherein a feiphasic palse is 
delivered far pwcptmsm of aiss4pati»g Ufa* pelarlaatien 
5 charge on the pacing electrode. The first ph&ea is of 

relatively shorter deration and gr®at<*r amplitude than the 
second phase for purposes of stimlating the Myooar&ium, 
la&e is of relatively longer sMr&tion, 
( and opposite polarity than the first gfcase 
ID for purposes of providing charge compensation to neutralise 
the undesired electrode polarisation, following which the 
capture defection sensing amplifier is turned oa. such 
"fast recharge" wave forsus have bsea employed for sassy years 
in an stfcasapt to facilitate short blanking and refractory 
is *te 




polarisations reader the electrode fellah to the induced 
electrogram. Since the sensing circuit gala is tuned for 
the relatively lov voltages of the heart (!«•», 3 to 4 wT 
for the atriuis, and 10 to 20 »V for the ventricle) , the 
2S significantly greater output levels produced by the 

stimulation pulse {i.e. , varying het^eea 1 to s v) wast he 
hloekad from the sensing circuit, hy blanking and refractory 
is : 

it is 





§ paoemker with dwa-ahMtiwr pacing capabilities, for 

axastple, a stimulation pulse can fee applied to *ifch«r the 
heart*® atriuf* or the ventricle during an appropriate 
portion of & eaz&Uc cycle. The MiniwMH output palm* energy 

which is rsfipiiriBd to capture ana thus evafee a imeoular 
10 d*pel»ris»tio.n within th* heart- is referred to mm the 

atiaulation threshold, and generally varies in tt&mrd&noe 

amplitude of * stimulation threshold eitrrest pal** and its 

stiaultttion thresholu for each patient, however, following 
implantation of the paeessa&er and pacing lead, Factors 
which can influence both acute and chronic stimulation 
thresholds include, for exaapXe; (*) changes in position of 

S0 ; the pacing electrode relative to the cardiac tissue; (2) 
long-tens biologic changes: in cardiac tissue closely 
adjacent the electrode, such as due to fibre tic: tissue 
ingrowth? £3} changes in the patient *e sensitivity to 
stimulation a© a function of periodically £ Iwctuating 

2S conditions, even on a daily basis, dues to various causes 




SMffilLJ^^^ - To 

conserve battery power and extend the pacemaker's useful 
life, it is tisnaily deeired to achieve capture at the leweet 
possible energy setting for the output pulse* with the 



initially 




tii® attending physielttii dtiring an ®t£i«m visit with the as® 
©f an «jefcer»al progra»»er and an. eieotrooardiogra* (BOS) 
»onftor. At this time, the physician say assess capture toy 
mma of as BOS measured through BOS electrons plaeed on 
the patient's limhs and/or chest, during which tlwss the 
pacemaker is providing a sequence of 




S*-**ave. koss of capture can toss directly observe and 
correlated to t&e pnlee energy at which captor® is loet* 

Sine® the lata i860 'a, self -adaptive peoMBkerB haw* 
been developed, which have the capability of autMsaatloally 
as a&justin? the energy content of the pacing puis® as 
appropriate to BooOHttOdate changes in i 

U.S* Pat. BO, 3,737,793 to Mailer «t * 
relates to an early pecesafcear vfedktt 

tattwy drain by Bering eaoh Sriven mmb* best (i.e. , 
30 »-wav») an* providing for & decrees* is ejietgy for eech 



Following a i 

to safely over the threshold hysteresis level- tt-s. Fat* 
3S Mo* 3»S*9,7S8 to Jirafc Ci^crporafeed h®r®in toy reference) 
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in unipolar fashion with 
a third ewes* electrode having a Mpntivvly 

aion, to reduce residual polarization pr©»le®»« 

Fat, NO, 3,977,411 to Hug$Mt*, Jr.. at al shows a 
pacemaker Having separata sensing and pacing electrodes 
ID which are each utilised, in unipolar fashion, The sensing 
a ring electrode having a relatively 
between 75 to 200 mi 2 ) for 
sensing of cardiac activity (It-waves) , ansa is 
spaced: along the pacing lead approximately § to SO jam frosa 
IS tttm dl»t*Uy-locftt*d tip eleetirodis used for pacing, 

U.S. Fat. So, 3, »2 0,034 to Bowers shows a pac^akar 
having a threshold tracking capability which dynamically 
the etiolation thnaboldl Ssy nltrarlnsr the 
or akaance of an. evoked response (fc-wmt) , if no 
30 K-w&v* is sensed within a past* stimulus interval <•„*♦, 30 
to 30 »■ p©st^t.iwa««> , the pacemaker delivers a 
oleeely-epaeed .backup pulse (e.g. , 40 to so ms post- 
stimulus} at increased wsplitaa* and pulse width to ensnare 
an eve&ed response* various electrode oonf iomrations ©re 
25 illustrated in FIGS. IB and for purposes of sensing, 

including those of sensing with an endocardial lead 
entricl*, wherein in one 

is ; 

electrode which is 
30 from the heart, and in i 
fcetwee® intracardiac ele 

U.S. Fat, No* 4, 30$, 396 to MttfcaiBpf at al 
{inoorporatad herein hy reference) also relates to a 
rate-adaptiva paeessaker in which t&e output energy is 
35 automatically varied in response to the detection or 




non-dstfcetion of an ivok^l response gMfm) an* 
a&tocted *t£nrt&tian thrasfeold. For ttas staged 
facilitating prosit post-atlmaue &-wav® 




paU* within a post-stimulus interval of time SO to 

100 a* post-stimlus} at an increased «rapiit**Se, such as 
twice the asplitud® of the prsviousli'-deliveroS Bfciauitas 
pulse if the applioS efciwulus fails to captur* the heart* 
it is stated; to b« prnfevtvi to me the sxm mledXQ&« for 
both pacing on* sensing, aucfe as a unipolar or bipolar 
5 at imst m 




Ittq ana pacing aX«ctr©3*; are 



Pat, Kb. 4,3$?, 71? to BrcwmXaa et &1 relatas to a 
(i.e., son-pacing) el«etrod» 
eXonant, ij^Xanfcad mar or in direct contact with the 
cardiac tissue, and positioned relative to the pacing 
alactrodes oaipol&r pacing from *fcip« to »ean*| fas 

provide improved P-save and &~wavs sensing with min£®aX 
interference from the pacing electrode * The "can" 
frniotiaw as an indifferent electro&e for sowing in 
i with 

Is 




ft cylindrical metal riisg 
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id the "tip" electrode* 
located along the lead to permit 
electrode either within tte heart, 
extsrnally on the hmxt vm.ll, or in «oae remote location in 




.from an axillary : 
s^stess comprises a tttanevanoue data lead with ring 
electrodes for sensing located in the right veafcricle 
Approximately i cm frois the pacing tip eieetrede for R«wave 
sensing) and in the right atrium (approximately 13 ess from 
the tip electros 

nod*) , eotfc riag electrodes being used in conjunction with 
the punakn oan in ■ 

U.S. Pat, Ko* 4, 6*6, 988 to : 



with a separate proximal ring electrode coupled to i 
F-wavs or ft-ttave sensing MM amplifier for detecting the 
atrial or ventricular evoked response to atrial or 
ventricular stiissi.l&t ion pulses generated and applied to 
other electro 
auxiliary lead ; 





in at least or 
unipolar or bipolar ele 
hath, the striuift ; 
function as unipolar and bipolar Systems at. different st#p* 
in the operating cycle* in the F <?io patent, a separate 
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-14- 
if the ©ass Is 
ref «r*no* eleotroda for the dsUwary of t! 
puis®, la the nm patent, the dtefcectea « 
rae<X in an algoritto for adjusting tl 
i U»S, Mt, No. 4,310,000 to Mndeisans aria Ho*. 4,729,376 

aM 4, 674, SOS to mmt&t iuocorpoa^tM herein fcy reference, 
s of a *«$ara£ft paniv* Mttaiag 

10 provide & essaying reference olsotrodis Vhi&h km not part of 
the stimulation reference electrode and thus does net have 
residual after-potent t&ls at. its surface following delivery 




■tixulation threshold 



Beta tegsrdina gfiliM - Turning to EQM data seserd&fig 
systems, heart- scat®, interval and isorphology recording has 

25 Seen suggested in U.S. Fat- »»* 4,003,379 and 4 f 14«,02» to 
Illinwoodj She** and subsequently in Fat, Kes. 4,223,d7s 

to Laager, et al »»d 4,2&S*474 to Hsoheil, et si, a^cfe 
iB^olantable aredording sy sfcans nave employed bipolar or 
unipolar electrode ey*te»* of the typo above in 

30 the recwdisg of near-fifeM or far-field Em data, Shas the 
tptality of W data recorded is limited toy the limits 
eleotro&e pathways and possible vmfam* 



m^mmMUm arrh ythmia ^ - Mstinguishlng malignant 
35 tacfcyarrhyttmiae trots sinus tachycardias arsd detecting 



\mnnnm 



im similarly limited by 
omployed in single an 




have been made to employ tooth atrial and ventricular 
electrode systems in order to < 
is sinras i?v origin 

at ventricular rhythm. For example, it is 
known to have placed multiple electrodes on atrial and 
utricular leads and to sense the direction of travel of a 
depolarization wave treat as shewn for example In or. 8. Fat* 
Be. 4,713,554 to Sarsom, 3r* 
IS In addition, it ! 

in tt 




20 is defined as an operational pacing state wherein the 

pacemaker «rroB««s»ly etimoI«fc«» fche ventricle of a heart at 
the pacing upper rate limit for sustained periods of tiase, 
such PMT behavior is initiated when a ventricular event 
occurs at a time during which the myocardial tissue between 

25 the atrium and ventricle can transmit retrograde eleetrieal 
signals from the ventricle to the atrium which in turn 
an atrial depolar isation * The sensing of 
atrial depolarization by the atrial ; 




if the ventricslgtr pace event is 

to the atrium tttasre it again causes an atrial depslari ration 
which is picked up by the atrial sense amplifier. This 
repetitive high rate stimuiat ion may be sustained 
indefinitely by the paeema^ 



WO f 2/1714(1 



patient or possibly isftrcisg more tasveataaiitg atK&ytteniftB . 

¥arlo»« tecteni^u^ tseve feaen isyplsros»t®cl to minimise tfe 
impact ot 1IB», but thas* t^ctaiqaes vwoftlly sacrifice 
flexibility Of til* BDD gysfrmu C»S» fat, X6. 4 f 9a7,74S to 
5 VfcnfegriX f ssts f orm a. number of 
employe to alleviate HMTs, 




to th® metallic can, positioned as 
saneing, and csssmecfcee to e«e or »ore 
©pacific- use of tbe ttOftltianl p&eaivt 
is «Q9?B»t«4, al 
is si 

«a^Xifi«r to aefa&st bot& 




It Is known in tfce art. to monitor electrical activity 
of ttoe human heart for diagnostic and relate wtft&XMl 
purposes* U.S. Fat. Mo, 4,G23 f ses i»s«e& to Ohlsson 
aeseribes cireeitry for jreeerding m& signals frost multiple 
25 load Inputs, similarly, U.S. Pat. Ho. 4, 263, $19 issued to 

I^via, U.S. Pat. Mo. 4,170,227 issued to Felataau, et el, and 
vt,s, Pat, m« 4 f mt t 702 issues to isepski, et ai, dMcrib* 
*altipl«. electron® systems uhioh eesafeina surface El 
for artifact r®j©cti«». 
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4,136,690 issued to 




*>. t t Feto* is**, by 

, al, Sttropean Fat. Ho. 0 066 420 issued to S«ltl and 
U.S. Fat. Ho. 4,316,7*6 i*»u«d to Stafcel, at ai. 

Various eye teste have additionally been proposed for 
measuring the orthogonal vsrefcr ionlar or atrial electrogram 
from Multi-electrode lead, systems placed endooardiaily 
within the patient's atrium and/or ventricle, s^ch 
orthogonal endocardial BSM systems are depicted in V*S* Fat, 
Ho. 4 r 36S,S3», issued to Soldreyer, and tl.S. Pat. Kfos. 
4,630,611 and 4,734,753 issued to King, In addition, 



circuitry are disclosed in two articles toy Mdrwywr, et al, 

4i4-4i§, 8arch-April 1983, Fart, II, and »arthegEO*ml 
ventricular Blectrogra® Sensing/' FACE , Vol. 6, pp. 76l-7«», 
Juiy-Augsjst i$83. in the Seldreyer patent and in these 



verification as well as to facilitate tne discrimination of 
P~waves from qrs complexes. Other articles toy Seldreyesr, et 
&1 . , appear in the literature, including those listed in. tin 
bibliographies to tSieae two papers. 

The aforementioned King S.S. Pat, Kos. 4, 630, ill and 
4,754,753 describe X, ¥ and 2 orthogonally displaced 
electrodes or? the body of the endocardia! peeing lead and 
circuitry for developing a cospoeite mm vector signal in 
order to detect changes in the vaster over time and 
discriminate normal sinsis rhythm from tachyarrhythmias , 

Finally, Batant Application serial No. 611,901 

entitled "Kulti-v^ctor Pacing Artifact Detector,'* £il«d 
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9, X990 f 



artificial paeing artifact is patients hmim artificially 
prosi «yooaordi*l eaattraxstixam In an extonu 
m^mm standard MS Uads with eh* 



Sa^LAdflBfc iVe P*oi ag - As ascribed In ta* alfor«B«itionea 
Callaghan 'sifl patent, t*»* us® of physiologies parameters to 
ifi tSaveisp & control sipi&I for adapting tte paoing rat* to 

physiologic ra^ir«a*nts has become an important aspect of 
current pacing \ 
interval (q-t Interval) 

paeanakars daserife*! in U.S, Wt. No, 4,32B,S03 to ] 




■tudi«S. For oxawpl*, Sf.S* Fat. Wo, 4,082., ©SS to Pag®, *t 
20 ml,, d£*elae«* a four alactrod® orthogonal amy tfoida may 

bfe applied to tin* patient *» sJeii* tootn. for wwsi«Mi and to 
sas-jjte the precis* orientatioss of ob» electrode to tfe® 

OttHHC. V.S. Fit, KQ, 3,983,867 to Case d«* 

cardiography system employing BCS electrodes 
2B patient ia normal locations and a hex. assia.; 

orthogonal display for displaying 3SCS signals of voltage 




WO 92/17240 




capability of detecting and gathering 
electrical cardiac signals via an array of relatively 
closely spaced subcutaneous electrode* {located an the body 
of an ia$>l«mt*d device} which may be employes with muiteMo 
switching circuits;, signal pmcps^rrs, and. memory to process 
ip the electrical cardiac signals between any selected pair or 

in order ta provide « leadlses, 
for receiving the electrical 




end analysis of arrhythmia events ana to provide 
control signal* for the delivery off various therapies 
including pacing, cardievereion and defibrillation therapies 
as well as the delivery of antiarrhythmic drag*, and, in the 
pacing context, to effect capture detection and automatic 
#t insulation threshold adaptation, recording of pjst episodes, 
measurement of refractory periods in order to set timing 
windows for antitachycardia pacing therapies, and as a 
control signal for wtse in adjusting pacing rate to 
physiologic demand. 

medical devise is modified to \ 
Which may fee selectively c 



to pick up, amplify and process the electrical cardiac 
so signals across each electrode pair. In one embodiment, the 
signals? from the selected electrode pairs may fee stored and 
compared to one another in order to determine the sending 
vector which provides the largest cardiac signal {in. a test 
model , Following completion of the test mode, the system 
35 may employ the selected *utMn*tuMKn» BOG sign®! vector for a 



: circuitry for wpUng and eenwtlagr tb* 

25* signal to digital tots which is 
stored in a recirculating buffer, the contents of ^hidfc art 
. to m&W for latsr data retrieval, either 

in s 

is »sM to ooufi«« capture in conjunction with «a algorithsi 
10 for determining the stimulation threshold of the heart and 
set stimulation pulse esiew at * level «s«s*«*£x*gr the 
threshold by & desired safety margin, 




of the «l*etro<t* array* 

would be used for |»provi»f the data ttoige and 
fey providing «n optimal signal at 
all ti«, while avoiding- til® switching process. 

XI) content of a DBD pacing system, the E&K signals 
from selected pairs of electrodes may be stored in MM 
during periods of time when sustained upper rate limit 
25 pacing is occurring in order to provide & diagnostic : 
for analysis fey • 
by i 

it may he. i 
; of me far-field JGR signal - 

30 

initiate appropriate : 

In the content of any of the: above ti&vixw*, and 
including; drag adsiinietratlon AmIm* and taofeyarrhyttaia 
control device**, a patient may ho presided with a limited 
3S function external control lex to initiate storage of or 





providing at least first, s-eoond and third electrodes 
spatially oriented on the pariphary of the 
close proximity thereto in a pres&t array* 



or in 



10 iei e? &BffgBin ?igg... .Qf .ras . mmnm 

Sftttt present invention will tee hetfcer understood, and 
its attendant «dvuntag«« will be readily appreciated, toy 




Figure I is an illustration of the place©efst of * 
pacemaker pulse generator and: lead »y»t*s in accordance with 
the present invention and the directional, vector* of the 
depolarization wevefront of cardiac tissue ? 
20 Figures ere schematic illustrations of possible 

three electrode position* on the case and/ or lead of an 
impl.ent.able medical device for practicing the concepts of 

Figures M-ac ere represent at ions of three principal 
2B cardiac vector orientation® with reference to the % and ¥ 
axe* to * three electrode orthogonal array? 




30 reflected en the X and ¥ axes of the three electrode array? 
Figure 5 is * sissplified Mode diagram of m 
implantable medical device for detecting and stori.no 
£ar«£leM EG&$ between one or iaore pairs of 1*3 sets-odes of 
the eie« ^rJ^ arrays dmp cted n the prtfc^ res Cravings in 

3 5 conjunction with alternate signal processing circcitss of at 



womrtm 



following drawings? ana «Kt«cnal pKagraxdsara for initiating 
sbcnrsg*, read out aM/or display of mwob stor&o ran*? 
Figura 6 Is a sJuspliJ iad block diagra* of a. pacing 
«rlthl» which tha t«r~f SSM dafcaetioa and storage 
^ system of Figara s afid the altera** signal procming and 
diction of thn following drawing* »ay oe 



Figure 7 is b aiaplifiad block diagram of a serial 
wton for providing cnptro* dataetion in tfa* 
10 pacing system of Figaro «; 

V&qarm 8 ia a flow chart of an algorithm for 
controlling tbs operation of tha capture detection system of 




30 an* CHB in ©onjjanction with one of the circuits Its 

&Igo*fitn*s of Figures im-xic or aaatola its *&« 

■yataas of Figures 5 and e; 

Figures I3Jt~II€ ar« alternate siafcodiaants of 
signal combining circuits/ algorithms umHL* in the parallal 

25 signal processing circuits of FIG 1© and tba systems of 
Flgura 6j and 

Figures Z2h-%2C are alternate ambodiaenta of linaar 
signal combining circuits/ algorithms usable la. the parallel 
Signal prrc-^mj cir-ui-r- of FTC- 1$ and th« syataas of FIGS 

30 I and 6„ 



35 




proximity to an implanted nodical dovioa outside the 
patis^t*s fe«srt cobles with Xogie i 
sircuitary for sfcltstiirsly detecting signals : 

of ■ 

of ctseh information to 

in : 
tain 

aovoiopitont of control signals for controlling or modifying 
the operation of th® ftedical device in acsordance witfe 
specific sttrifeet** of tho process^ far~£i»ld ESH signal, 
me following specific ; 
fee illustrative of < 
Halting th® 

now to Figim 1, an IjkOwbM ssoSioaX d«vicM r 
a BBjlti-: 

in order to show the ssri®«tstio® of 
8, and c in : 

imoNMKtr puis* generator housing 10, the endocardial la&d 
12, the distal tip and ring «l*otrates 14 and 14, 
rmg^ectivftly, residing within tfaa right v*ntricl« of th® 
patient's heart and the e»on«ctor olocls; IS of 

A t B, 





A' though the expression "far-gUlA" is normally 
©isploysd for oonsing botvoon a relatively wido spaced 
ftlactrodie (raually dispose within a chawber of the 
patient's haart| and a r«BOt» «i««trod« or tho sensing of a 
in tfta ventricle or an K-wava in tfc# ttriva, tor 
of this? invention, th* **pr*s*iQ» ra.lat*s to th« 
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mi piefc#a up between these relatlwly elossly spaced 
elaofcrodss Is tto 
ar.r3.3f itaelf is- 3 

poKltloning of the array* signals my also fee refarrea 
to as 

in Figar* 1, It will 

i & 

daivioa fas 

xo 

ah&tm, for axoB$>le* in tJ.S. Pat. Jfo. 4 # 72? r 8?7 issued to 
Eallofc at al r as well as is Patent Application Serial 

Hoe, «ia*7Mf 612,76$; aM 612,161, all filed Hovatibar 14, 
3.990, in tha naaaa of Kalsaal or XtidaiMl, ®t al, all aaaigttaa' 
IS to tfc* aaaignaa of tb* present application and laoorporartad 
Hereto hy iraf«r«»c», altermttmly, tha electrodes A, a, c 





xn all aucn ayatawB, it will foe onderatftod that the 
elaetredea A, B, c are electrically isolate from one 
aaother and tha cononetiwa surface of tfea pmls© generator 
housing 10 through suitable isolating Mads and «l«stxioal 




electrodes k, E and e «t set 
2A, it . 

. A, B and C With tWO 
MocSc IB aM sme alacfcroda on 
10* The speoing of the alactrodaa 
A, B ana C on eaeh of the illustrated orientations of 
figures 3& to 2E as well as in Figure l is a tae order of 




wo nwm 




*, is t 

illustrate leeetiona of at. least one of 
ths aiactrodss etftandiead away from the piil&e generator by a 
gtiihby lead extension 20 in Figure 2B and a sagpant of tfca 
lead itself in Figure JSC in order to achieve a greater 
inter-electrode spacing f if desirable. 

fcs illustrated in figures ac and 2D, the relative 




capability of the inpla 

Figure 2D depicts the electrodes A ; I 
sides of the pulse generator %.o - 

It will .tee understood that the electrodes placed on the 
edge of the pulse generator case d@pi.etM in Fipsr® 2® could 
fe 

wall of the case. 
Hie far-field BSK reflecting 
of the FQRSf complex may be 
body tissue as- an electric f ield < 

i.n 

Figaro l. As the cardiac aussie depolarises, the direction 
of the depolarising wave front changes as the atrium 
initially depolarise® and then the ventricle depolarise* 
Gam the intraventricular eeptum to the apex of the heart 
*here the direction of the depolarization » 
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■ easels mss, corsseo^entiyj, the far-field B&k 
sensed acroa* thft three tetrodes *, B, C dis&OMKi OR the 
eass when usually (bat not iwemariiy) sitwstad pestorstily 
be obs^rwd to change both in ajpliturf* and polarity 
■ on the orientation of th« M®asssri«f pair of 
to the electric field orientation of the 



electrodes A, B and C are ?ix®& in petition tml®» 
is «ita^r aov«4 by *b« pattisnt or 
the pocatat. in any case, for most 
applications, it is desirable to optimise the sassing ©f ti 
paok amplitude of tb* S-vave for applications relating to 
simple* rat® calculation, capfctit* detection tH» Uk» by 
selecting Um electrode orientation that provides the 
IS highest amplitude R-wav* output signal. For otter 
applications, expiainM ht^einaft®r f nm#r# it is 
da*i£tfbl« to obtain faithful r^protetiorj of both the 




20 

that the •iMfcred* positions mxm tismA, 
Figures 3A to 3C depict. pessifele t:&r«fi®ld mm vectors aeon 
at tha «l*otxodM h, B ami C* For mm of illustration, th* 
vector is shewn passing through the elootxed* 1 in relation 
SS to th® X aM Y directions defined by the straight line paths 
electrons OB «id A-B ( sespastivsly* It will b& 
depicted is Figures to 3C 



r»wot p®ak which is depicted is* th* top line of t] 
EGM» Xin® of Figures 4A to 4C, Is this mmnle of 
m to 3C and 4k to 4C, it will fee &«™* 
•vsetor sose m itotieal and paewmm « 
dir®stion hat that tb* electrodes A, B and c 
position witii r*sp*ct to that tixaA wetor, 
Figures 3A to 3C can also illustrate the c£uu 





in the heart muscle* For ©ass of illustration, it will toss 
a^siM that the vectors of Figwes 3 A to 3C possess the 
5 seme polarity and rsf leet tit* vector mooiatad vith the 

pa iik amplitude ass showfi in the vector EGX depj ction of 
Figures 4A to 4€ s 

Figures 4A to 4C depict the p*oJ«3tioa of the ajspXitude 
of the vector BSH depicted In the top line of each drawing 
10 onto the ¥ and X direefcioos defined by the path be&raen the 
electrodes &~B and OB and the mathematical processing that 
may be un&ertaleen to determine the vsctcr magnitude f ro® the 
magnitude of the signals ors the abscissa and ordinate 
regardless of the direction of the vector. As shewn in. the 
IS fourth line of Figures 4& to 4C, the magnitude reflects the 
vector mm Magnitude depicted, in the top line with aqusv* 
root of *u» of aqptures conversion of the eigiMtl, 

in Figure 3B, the. vector representing the orientation 
of the »axi**j* far-field signal from polarising wave front 
20. is parpendicuXar to the path CMS and consequently cannot he 
that elestrode pair, the fall jaagnitade of 



across the electrodes A~S. Similarly, in Figure 3C. the 
vector is in the direction of the path c-B and the full 
magnitude of the principal cardiac vector say ho sensed by a 
sense amplif ier ooopled across electrodes C and 1* 

Turning to Figure 3A r for convenience* the vector is 
at 45* degrees to tl 




:.J C-B is 

71. percent of the principal cardiac vector, 
signal processed from the signals 
i electrodes A-B srsd c-B is identical to the combined 
■ magnitude signals depicted in Figures 4B and *c 
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The availability of a fixed ( 
substrate that remains tiamd in position at a location 
outside the patient's heart advantageously is employed in 
the present invest ion is * variety of device cowtexts* 

g Different receiving orientation; 

r mechanicaliy : 
in the directions m~B and fr»B so that a set of 
J2SMS siay fee developed In a IteU array of 



M electrode array in a single plane depicted in Fibres 3& - 
3D is sufficient to provide mssnin^i far-field WM 
S^cserdings aM control signals, 

The s«a««stiva and aegaatifciaX coupling of the electrode 
pairs illustrated, in figures 3JH3C say fee tailored to 

IS davalep d*»ired far-field KMC data for recording the data 



« of the 

• ways, tb the content of capture 

after the delivery of a stimulating 
M and le depicted in Flpsre 
x f the ISM may be TBsasared between a first electrode pair, 
such as pair c-B, absolute valued, peals or slope vain* 
dstscted* converted from analog to digital data, and stored 
In a buffer, subsacpuxitly, mss »ay be received between the 
25 other electrode .pair and lUsewiee processed and stored in 

memory vithin the iaplaated device. After both signal* are 
stored to buffers, they Bay be compared and tb* signal 
having the greater 
threshold «n«aititf 
30 electrode pair which develops the identified highest 
amplitude far-field BSM signal may be employed for 



, to a^oid the use of the 
switching circuitry, it is possible to mthenaticaiiy 

areas the electrodes AHB 



switching circuitry, it is possible to aathewatically 

€-1 in a nasals*** os&feiuing circuit aetifork which provides 



5 across ths two electrode pairs in the manner depicted as the 

eoMbiftad vaster reditu** »L&*&1 in 9U/m*m 

It ®&mM fee totpt in miM that th* signals from tb« 
cloneiy &pac©d orthoses)*! pairs of £ar~fieM electrodes eaa 
bo considered together to represent & dynamic (ti»e-varyingj 
10 **c*car^*et*ogr*» which together descrifoo the dynamically 
changing local. £ar~field alaetric £ial« vacsfcor at thair 
centerfjoint. mis can be considered to be a realiati© 
ftwwre of the local ©loctrie field 
eisctrio field is nearly locally 1 
are closely i 
of the electric 




*Ct|**{tJ*+y(t), where x and y 
corresponding to the orthogonal axis of the throe 
■electrodes, fhe vector magnitude and &hra*e (orientation' 
e) of w(t) 



Angle (I{tn -arctangent 

<*(*}> 

by determining the vector Magnitude of z(t} t &r orientation 
inaenaitiv® signal can fee 3 

In addition the 
n&ximm vector magnitude of Ift) corresponds to the 
principal cardiac vector discussed in the cardiovascular 
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electrogram signal with the naxiBsm peak amplitmde as shown 
1r Figures 3B ana 3C« llowever, it is not t^o&mt^y to 
physically reorient th* electrode a5£i& to rdtri«v* this 
signal when o» employs & pair of orthogonal electrodes. It 
5 is Merely JWSfifaaswary to MthsasatieaJ 

if one of ti 




can: be do*** eer Figure to be 



10 

i - Turning to signal 
», it may be seen that the 
aforementioned signals stay be* selected for either sequential 
or mim&lzat*am recording ®* v the BOH data depending on the 
IS available mlynt 




it is dsaira&U to employ *t 



confining circuit n«tworfe with signal axis rotation* Each, 
of these signal proteasing circuits will fee* ieserihed 
hereinafter in coaj unction with the description of the 
preferred system embodiments of the invention* 
2§ ffc® events initiating automatic recording of data wsy 

include the operation of a dual chamber cardiac pacemaker m 
its upper rate limit for a sustained ntraher of bests or 
predetermined period of tiftft, the switchiag of the pacing 
mode fro* ass atrial ffyHK&ranfittS Mode to a rate : 
30 msfe in response to elevated" atrial rates, to 
^naerlying behavior of the heart in a W « 
atrial tachycardia, the detection of an arrfeyt**®ia in a 

Krie*, the delivery of arrhythmia 
t« respomsa of tteA heart to the 
35 delivery of a bollus ©f medication in an automatic drag 
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administration device . Alternatively , a purely diagnostic 
in i 

in patient*® suffering freaa rsecarrent bouts of 
by ' 

§ octroi fey drug therapies, 
signal 

o£ 

T«r»i»g nc?w to Figure 3> a recording system for 

the storage of selected t*x~t ield mm data into 

telemetered lit fey a physician 





IS s, the electrodes K, B and c are eoupl«d to the switch 

matrix 30 which operates under tba control of the digital 
mafcmiimr/tiwur block 32 to switch the mm signal developed 
across at least one electrode pair A-8 or *S«B through 
MplifUr 34 to one input of multiplexer 3* w,Mch *X*o 
2 a operates under commands delivered fey digital 

controller/timer 32 to direst the Em signal or & sensor 
output signal or a real time clock time tag to jl/d converter 
3S which operates to sample the time varying analog S£M 
signal and digitise the sampled point* in the mil known 
The digital output of the A/B Converter 3.8 is 




its stages in a FIFO m 
of the digital controller /timer 33. 
may have a capacity of 20 to 30 i 

30 digitised BSM date although lo 
1b certain situations described hereafter* 

fhe data stored in tettpseary buffer 40 is transferred 
infe© mm in the microcesaptiter block circuit 42 when is STORE 
oo»»M is received from a Sf08E 1 

31 p raKMd in store command signal iw 



PCT'/t -'iZA^l 




44 is connected to an implanted radio *r®s»e«e¥ 
which may be BF ©oopled to «u» e^tasrnal antemia 48 or SO 
10 manner well known in the prior art. fwo ostteraal corneal 
systems are eonts«piat«d# the first, a 
and display B2 and connected to 
trafi^itter/reoeiver antenna 48, and a second 




2& instruction to store upon tte* d*Uv*ry of a pacing pnloo, 
the data related to the capture, or noacs#turo of the 
patient *s heart, the operation at the «pp«r rate limit, or 
fe&e detection of high atrial rates as jssntioood hersin- 
before, Xn conjunction with ret® **apatnmlv* p*c«Bafeor#, ' 
2a STORE conand say also precipitate storage of digitised 
sensor output signals. 

In the- context of an arrhythmia 




siay precipitate 
following detection and deliv«ry of a therapy, in 
content of a drttg administration device, the 
may precipitate fcha otarage of data roiat^d to the 



sensor and the delivery of a hollas of medication, 
external pnysician pragraaaer B2 »ay I 



the physician in 




within 
i A/© converter 38 
directly to the SF txM»aasitt«r/r»o«lv«r Moefc 44 i» real 
time for talswwfery out, r«c«pt.icai by the programmer 52 and 
display on the display panel 5». Altflmativttly, the 
physician programmer 52 may be employed to raad ouit the 
contents of the mm devote to the storage of the digitised 
egk, sensor sM tine tag data for display aM raeordiiig* 
in a certain segment of patients offering reoarri»f 
copy, the system of Figure & (simplified by 
of digital lagis for the ale 
j»le«k 42} could be implanted with or with 
elxeoitxy for detecting syneopy and sutosatioally ' 
the storage of data. Mt«rnatively> it is 
a Hsaifced function patient programer 56 «i*d 
antenna 5® be provided for use by the patient 1 
from a bout of syneopy < sshess a patient experiences syneopy 
Xaeti»g more than a few seconds, they typically faint sM 
recover a short time thereafter* The storage of several 
minute of n prior to and during tha synooptal episode and 




analysis of the rhythm disturbance precipitating the 



Such a system would Include a 512 byte direct < 

the aifital controller /tiaee and mioroeojsputer 42 
acquisition of data into b&£fer 40 and transfer of that data 
into one or two dedicated storage registers in At a 

sampling frequency of 12a or 25e Ha, one long (IS, 9 aixtotes} 
or two short {7„i minutes aaoh) episodes say he stored in a 
32K byte static RMf f with data oppression, 
when the bnffer 40 fills, the data 
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algorithm «K©est®s* mt&^t ether point is initially 
aiscardted if tfe® at* of 126 is mleetad. T*o \ 

of turning point data oo«pmsioi>, follow* by a data 




involves patient initiation of k/V 
10 fiat® collection in one of tw» modes, In on« 

nateCtttanvoiM see is continuously recorded 40 at 2S£ samples 
per second, trai&starrad via m to Jssmffsr 40* Every other 
point is tben discarded if the data eaapression sample rate 
of 128 is selected, The data is then compressed by a faetor 
13 of 4 si via two ooasaseoutive 2sl turning point algoritlaw, and 
in the 32K byte MM of data storage wmory. If 
•i* eeleotsd, application of a isagn&t «M 
dttd Saitoh clem craw W» data stored in MI 
to be £rox«n, and A/D 858 data cnllaetian to cease aft«r a 
20 programs period of time, the stored data is transmitted 
Ottt tbroagn the RF link upon application of a magnet and 
receipt of an interrogation command transmitted in by 
programmer S2» In FRES3BS aote two, the initial application 
of the asgnet freezes data iu one half of tha available MM 
25 memory. Data oollestion will continue utilising the second 
half of mm storage memory. A second application of the 
magnet freezes the ^ ~" a a in the rwwining RAM storage 

ths patient, Pplink of the data oeottrs. to tbe same manner 

In mixxm mm®, application of the mgnet triggers ths 
frming of data contimiosssly being loaded in half th® 

ide, data continues to he 



half of ■ 



wo win® 




ffee physician may as© the prograjaawr 52 to initiate 
real tisse transmission out; of the for eternal 
and display fey ksyiftg in th© MEMEn TUGS ICS ' 
10 sosusand which Causes continuous transmission out of tfce 




keying In the i 
15 terminates the i 

In a KiMplJJi«d system, it is 

SO may h& •lininat«A in 
etioally actuatel ■« reed sseitoh implanted in 
the device and coupled to the digital controller/ timer 32 
SO that way be closed by the patient placing a magnet over the 
implanted device as is. umll fcnown in the prior art. It im 



incorporated within all of the above mentioned syst™ in 
order to provide a tine t»g with the stored data to 

2 5 determlnea whether or not episodes as 

The taiasnetry oat of the egm data ; 
is preferably implemented employing pulse ; 
modulation techniques described lis eo-pe»dli*f tf.S. patent 
application serial n«»ber 468,4 0? filed January 22, 

30 in the names ©f fybsrsy et atl, assigned to the assignee of 
the present application ana incorporated herein by 
reference. Sswsh high rat® transmission technigses 
facilitate the tslesaefcry out of time varying digitised mm 
data* 

35 B» selection of the electrode pairs A-B or c-s in 
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Figure 5 ray te® accomplished fey the switching ■atriae 3 0 




hereinafter er % suitable 
initiate by - 

5 

programmer 52 to select the elsctrode pairs A-B, C-B or even 
c~A and observe the tale»etered far-field signals cm display 
; observing th® relative TO IitMes of the £<SM 
the physician «y pxegm in thm selected pair for 
10 gubsequant clinical uss fey the patient,. 

alternatively, and preferably, the far-field s&f signal 
sensed across th® electrode pairs &-B and c*B **y &• 

electronically to provide the combined vaster 
signal depicted it? Figures 4A-4C frost the 

IS 



eineoitxT for automatically selecting the J 
electrode pair i# described be*eima£t®r in « 
Figwr** 7 s. The parallel processing of fcae far-field 
20 gdtt sisals wmmmA a/axem the alectrode paire &-B axtd C-B 
with alternate nonlinear and linear agination approach* 
are described to conjunction with Figures 10, U*-UC end 
1SA-X2C hereinafter* 

Turning new to Figure 6, it depicts a block circuit 
2S diagram illustrating a bradycardia paceeaker incorporating 
of the ] 

of Figure 6, the pacemaker circuit 100 is 
ism electrically coupled via a ; 
102 to a patient's heart 104* i*ad 102 include* 
3D electrodes 103 and 105 at the distal end of lead im and 

positioned within the right ventricle {Bv} of the patient's 
heart 104* Laed lOr can carry either bipolar or bipolar 
electrodes am is wall known in the art. In the preferred 
embodiment, th.® lead 102 which couple pacemaker to the 

3 5 
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via suitable lead 
node 110 and i 
circmit block m. 
5 ffca input/ output circuit 111 

input an* output analog circuits .for digital controlling aad 
timing sixes it im swamaxz? for the detection of electrical 
signals derived fro® the heart, such as the 8-waVe &n& the 
*a*-fi#ld SSSIM, as well at for the a»lieation of stimulating 
10 pulse* to the heart to control its rate under the control of 
soft*ar®~ implemented algorithms in a microcomputer circuit 
114 and control and data signals traversing data teases 130 
and 131. 



XB 116 and an of Aboard circuit SIS. 

includes a microprocessor ISO, a system clock 123, 
ooHbcHWd 124 and ROM 126, oe£~boaxd circuit i 
includes an off -board rmk/rom mi 
circuit 114 is coupled by data c©»s»u«tcatioH bus 13© to a 

W digital oontxoUer/fciaer circuit *hmm at 132, 

Microcomputer circuit. 114 may be fabricated of custom IC 
devices augswnfcad by standard MM/BQK components. It will 
be uurtdarsfcood that tbe electrical components represented 1b 
Figure 6 ar^ powered by an appropriate implantabl««grada 

as battery powar soaree (net shown). 

An antenna 134 is connected to input/otttput circuit 112 
for purposes of apllste/aewnliiOc telemetry through an su? 
transmitter/receiver circuit {EF TXfWZ} slfcoim at £36* 
Telemetering both analog sad digital data 

30 134 and as external device ^ such 

mot shows*) r is accomplished in the pref erred embodiment by 
wu» of all data first being digitally encoded and then 
,. .it; ion saodulat^d on a dampad carrier, as 

3S Fat, ftpplxi. Mr. HO* 4SB,4S7» 



A crystal cscil-lsfeor circnit 138, typically a 32,768 Ha 
erystal-^troiisd oscillator, prides main timing ©look 
signals to digital <Kmtrol3,«c/t4*er circuit 131* k 
%ef/Ma* elxooit 1*0 generate** a atafele voltage r«f«re»ee 
and bla^ currents f or the Sffllog circuits of inpit/outpit 
circuit 11.2. .to ADC/ttttltipl«)WH: circuit 142 

, to provide teleasatry 

, circuit (mm 144 fmactiorts as a means to 
reset circuit and related functions to a default condition 
apo» detection of a low battery condition, which will occur 
upon initial device power-tip or transiently occur in the 
presence of electromagnetic interference, for exmpl** 

the operating coiwands for controlling the tlalng of 
the pacemaker depicted in Figure s are coupled by feus 130 to 
digital controller/timer circuit 132 mmtmtn digital timers 
set the overall escag 



controlling the operation of the peripheral i 
within inpit/otttpat circuit 132, 

Digital controller/timer circuit 132. is ©copied 1 to a 
sewse amplifier MS for receiving amplified and 

processed signals nicked up twm. electrodes 3,03, 105 through 
load 102 and capacitor im representative of the ae»r~f±«ld 
electrical activity of the patient's heart 104. SENSE 
amplifier 146 produce® a sense event ftign*! tor ro-setting 
interval timer within circuit 132* to output 



I " lent* a heart 104 in response to a pscs 

by digital ccmtroller/tinar circuit 132 
m externally 
or in respcn.se to other 
as U well known to the pacing art* 
Digital controller /tiiser circuit 132 is coupled to a 

1S2 for receiving 
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sensor s L aM M^iatM MmiVim circuitry which is 

of activity. In & preferred eiWlaest of 



aM WT f ee well as corresponding rate responsive : 
WIS , VOOB and TO, Mfcernatively, the : 
a&y be implemented in « JD&D/D&R pacing system where the 
detection ffll recording features of the ] 



The system as described if* Figure £> 

rstosm of a type described lis 1? . B . Fat . fcppilsatlo** 
Serial UO. 567,476 filed Atlfuet 14, 




■ KM, 

to the switching, signal processing and - 
160 which is incorporated within th« inpat/ output circuit 
112 and may include the far-field EGH recording system 
depicts in Figure s as well as the eatc eaptstr* circuitry 
and algorithm depicted in Figures 7 and a. Furthermore, it 
Is contemplated that the processed signals may fess 
automatically recorded on the oce*«?£«»Ce of 
particularly in conjunction with a dual < 
arrhythnla control system, for initiating the : 
the far-field mm in u 

. of 



block 160 may take th® tons of the circuits depicted in 
Figure 7 (in conjunction with the algorithm of Figure «} and 
10, ilA-ilC ar 



m^ffllir^^atl^ - As described hereinbefore, the 
detection of the capture of the patients heart following 
the delivery ©f a stimulating pulse :hy the pwse out circuit 
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IS© Bay h^ conducted to? selecting the nighest peak assplifc 



Bm signal picked up between the clect.t--.tjs AH& and OB. 




until capture is lost in a Bifter well tarn Ut the prior 




pulse adjurtaaat algorithm is depleted in the flow obart of 
Figure 8. Flgsre 7, taken in conjunction with Figure 8, 
depicts a block diagram of a system for detecting capture 
end setting the pacing pulse paraaeterft accordingly, m well 
aa e system f ar selecting on® of the unused electrode* & or 
C as tbft pacing indifferent, electrode in unipolar peeing 



burning now t*> Figaro 7, it i 
the electrode pair a-b or e>B providing the directional far 
so field wm having preferred characteristics for aubeegoent 

tie® as the capture detect (and signal storage) mm path and 



the dedication of the ai*ne< 
unipolar paoe/eenee indifferent electrode, in Figure 7, the 
eleefcrodee A, s and c are coupled to the block IdO of Figure 
7, and the output signals of block i€o are applied to the 
digital controller /timer circuit- Certain control 

signals are received fro* circuit 132 to enable periodic 
testing of the optimum else 

In Figure 7, the electrodes A, B and c are < 
the input e of analog evitchee sso, 1^, 164 and 166 and the 
common »l««srrode B is coupled to the negative input of the 
differential amplifier MB. She positive input cf 
differential amplifier 148 in coupled to the output of 
analog switches 1M and ISS which are alternately selected 
Igy the autocapture logic 170, In s 



per/ 1 sn/mm-. 
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logic r?0, in rtsgpoRse to ooa»and froa the digital 
eoftt^oll«r/ti»sr sircsifc. 132, prcvld&s a switch « 
signal that is either a high or low binary signal to nod® 
173, h high signal at 172 will be mratad to a low signal 
by inverter if* and applied to the switch control inputs of 
analog switches ISO 16S to affectively open analog 
switches 160 wnui is 6 to tocoimect the electorate a froas tn* 
nods i.7 « and disconnect th* «leiotr©aa C tost the positive 
input of diffatattfciai amplifier 14®, 

simntaneously, the mtitofom %m and 164 are closed by 
the: bifb switch enable signal, thus co*mecti»s the electrons 
C to th® node 176 and ths slsctrod® A to fcbs positive input 
148 > Hhichevar on® of the 
; A and c that is c©nn«cted to node m operates aa 
indifferent eleetroda-, in bipolar pacing 
having electrodes 103 and 105 on lead 103 of 
Figure 6, it may foe possible to program tb® pacing systssa to 
vpmevtm i» either of the unipolar isode employ lag the 
electrodes & or c or tha bipolar mod* es&a&yisif tb« ring 
alactrod® 10 s as is wall knam in the prior art. 

Th& output signal of ths amplifier 148 is applied to 
th* xioIm rejection band pass f ilter blocfe 17s in order to 
filter out high and low frequency signal distortion inducM 
by muscle noise and other artifacts* The output signal of 
the filter 17 i is applied to the capture /sense detector im 




detector having programmable sensitivity threshold levels 
as is wall lenown in the prior pacing art, The: output signal 
of the captttre/sense detector 18© is usually a ti*ed 
amplitude and duration pulse merely signifying the event 
detect ; on. That sensed ev-nt signs! sisy be applied directly 
to tha digital control ie:r/tiKi.®r cirottit 132 as w«U as to 
the a*.toeaptar« logic 17©* 

filtered directional electrogram signal may also be 
applied to tb*r l»p«t* of ais^lifier and signal processing 



K'T/f S si. m'Wi 



block 182, as w*U as to ths inpit of tfcs analog to digital 
eoawrtsr and teisporarj buffer memory storage Mock 1B4 to 
dfiwlsp the- &4glti*®d data ■: 

«s^Ufcua®» of the filtered directional BMS for i 
5 in SlkX of circuit 114 in the fasMon i 

reference to Figure s. Ti 

5 




so 



in the flew chart 
of Figure 8 in conjunction with tha block diagram* of 
Figures 6 and ?, the algorithm oontsisplatss th* continuous 
detraction of th® preface of svoksd or intrinsic 
subcutaneous ®gus by en* of any nussfcer of wave foant 
detsetiem methods, waoli as tfereobol* detection* slope 
W detection, iiitttgratioR, template watefciftf or matched f ilter 
detection; in Vhttdk 2m, Periodically, it is contemplated 
thmt tfi» electrode ««x«eti«n will fee rsefeecJtesd to select ifc* 




m in the normal 

bloak isa is employed in 

logic 3i?0 in th® periodic 
sbMfei&RF of the peak Mvllfcnte of the directional $m in the 
•signal paths &~B and C-B. In tills regard* the outputs of 
as amplifier 182 are peak detects signals that are stored in 
buffers in autoeaptura logic x?0 for comparison to Oft* 
another ♦ 2f the farHTisld Wm signal in Vtm direction a*B 



in tins* dlrecti&n C-B, tben the autoes stars: logic 2 70 ■ 
3© signal at nod*? 172 is high, and it. closes switch** 3^7 and 

164, high output signal is inverted by inverter 174 and 

operates to switch open analog switches ISO and 166. In 
tbis fashion tha electrode e is conntsstad to the positive 
inpot of the differential amplifier 14 8, and th© electrode B 
35 is competed to the nods 176 to act as the classic unipolar 



detected far-field E5M signal characteristic in bloc* 200 is 
employed to inhibit or trigge* pacing based on autoeapture 
pacana&er control algorithms lis block: 202. The ass of the 
autccapture detests for autocontifol of output amplitude ana 
puiss width is effected In block 204, lis regard to steps 
202 and 204, suitable KigaritanM and cirettitr? to 
periodically determining the *ti»al«.fci©n threahoid and 
BUtoMKfttaftUy »etti»g th* pacing puis© energy at 1 safety 
factor level above to® determined stimulation threshold are 
set forth in the DeCote *3?d and patents incorporated 

tmsik in bloc* 2 06 to block: 2 00 until the digital 
e^ntroller/tiner circuit 132 provides a. periodic checking 
signal to decision block 206* If tt» tins® flag is issued, 
than tbe program novas to the electroda election algorithm 
comprising stapn 20® to 220. At tbia **** the aufcocspture 
control logic %7&, the capture/ sense detector 180 and the 
amplitude neasuransnt circuit 182 of Figure ? are enabled by 
signals from digital controller /time circuit 132* 

In step zos, the current pacing amplitude and pula* 
width i* stmrsd In temporary anory within 
circuit 114 and pacing mplitud* and/or pulse width is 
in block 210, 




in blocks las and 170 of Figure l* 
tha alaetrode configuration ia switched as described in 
reference to Figure 7 and the mas signal strength fron the 
other electrode configuration or configurations is measured 
and stored » ft« two stored signal strengths are compared 
and the greater signal strength triggers the selection of 
tn« configuration that provides it a* described above in 
conjunction with Figure I, 
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Mtif selection of the new electrode configuration, the 
? a>.L])i parameters s*-<3 decremented, tow to the previously 
■ of pacing cycles in step 22©* 
passing? control algorittorat are 
s repeated in steps 2®0~aes as previewly deseritsed,. 
a a further embodiMt of 
algorithu and eircaitry, it is 
far~fi«ia Stat signals < 
CHB may be eoebined In i 
10 processing and combining circuit embodiments of Figures 10 , 
11A~116 aad described hereiaafter. Us such systems, 

the steps 20€ to 220 of tits algorithm depicted in Figure 8 
would be u&naoMHHUcy* 111 that, would fee necessary I® tnat 
the autooaptisre function be periodically enabled in order to 

16 





in : 

in the j 

the E-wavs shows that it is relatively easy to peak 
ssplitude detect the capture of the pctUofc's heart. 

The system depicted in Figures 6 and 7 may also be 
enployed to determine the end of the refractory period of 
25 the heart following the delivery of a pacing pulse fey 

monitoring the response of the heart to a sequence of paired 
stimulation poises having time varying intsrpuls© intervals 
in order to determine the minimum interval wherein the 
second pulse e*pt«r«e the heart* in referees* to Figure 
30 it. depicts the far fieia eieetrogrms tskea in a 
KM capture test in a canine stMf Jbtreitt • 
^ is delivered within the rsfraotory period following ■ 

depolarization 
: pacing pulse 8T a , 
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capture of the heart. Figure 9 tints Illustrates tit© 

relatively large isagnitude driven ORS conplex picked by 
the far field mm in relation to tbe naturally occurring a 
5 wave and the pacing artifact as well as the feasibility of 
determining the refractory interval - 

Figure 9 also illustrates the feasibility of measuring 
the M time interval or other characteristics of the 
spontaneous and: driven OMST eoMpless: for developing a control 
10 signal for rate responsive imcemakers * in particular, the 
interval fn the delivery of the stimulating pulse ST a to 
tbe peak of the T-wave may be s 

in • 



15 



shows a parallel signal processing circuit including 
amplifiers 232, 254, noise rejection filters i», 25S and 
A/0 converters/buffer* iS2 for digitising and 

20 tespor&rily the digitized values of tts# A-B . 

FTK r is ] t utip; fct prc30 r fe*=.t= -it t_.n ( 
algorithm block £64 whan digital signal proses 
employed, 

fbe combining algorithm block 264 aay be 
2B hardware or software and take the ions of ttu» signal 

processing block diagrams of Figure 11A-11C and 12A-12C. 
Figure lift depicts a nonlinear combining circuit wherein the 
square root, of the sum of the squared X and ¥ values is 
derived* The X value frea channel ft-B of block 35$ {figure 
30 10} and the x value from nlosk 236 (Figure 10} are eguared 

in blocks 2S6 f ass and seemed in sessniug amplifier 270 s The 
aquszv root of the summed X s * Y 3 value is derived In block 

Figaro iiB depicts a nonlinear combining circuit using 
35 the absolute value of the channel A-B and B-C ISM signal 
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Hapiitua®s as & firs* as&sm&mttxm of ©ri©»tatio» 
ind^int signal , Is this ayatem, fete i 
signal ©n chans®! AH3 and e~» are iteolats ■ 
lis blocks? 274 and 27 & iM s™tad in s™Ing amplifier 378* 
S In Fignara lie, a further appreciation approach tat * 

wmllmr csabiaation of ta# far-fidl* BBH »ig*»l ' 
ok Charals *-B aM B~G is depicted. In this 
the full *mve ractifi** signals are c<n$a?wi to select the. 
ataxinun absolute -value signal in block 280 and that maxisiusa 
10 signal is siranad together with the tin® varying SOKE signal 
in susnsing amplifier 270. «i» resulting sunsed etgftftX is 
divided by 2 in block 283 to provide the second 
approximation of an orientation independent signal* 

is in * 

CHS »l«rnsl VttliMB applied directly to the combining 
algorithm block 2*4 of Figure 10. In thi* situation there 
is no need to dlgiM.se tha ftigmal inasmuch as the only 
signal being sought is a dataetabla triggering signal from 
20 ttom far-field S8B. 

burning now to Figures !2&~iac, the digit isad wla® of 
the f ar»f ieM S6H j&agnitude sensed across the electrode 
pairs M and c-B are eembined in linaar signal processing 
eixeuitxy that e£f«cts a isaxlmum signal axis rotation. 
39 The v«otor {2t| magnitude is first determined and then 

the »axiMi3M of this vector magnitude is Mentis led via 
{either digital or analog 
associated ins 
b, xlt) and y(t) 
i a-b and OB can then fee used to f ind the 
rotational factors, eo»C<»»*3 , and sin(Omax) ♦ fha signal 
equivalent to thmt SKhich wniXfi toe preset from a pair of 
electrodes aligned with the principal oardiao vector ssn 
then be obtained per figure 12A by imitiplying the derived 
3S rotational factors by the signals from the orthogonal 




wanttrm 



then addign ths». By periodically 




s i^lesentation will «lws fee the maxims* pcssstlsl*, and will 
be completely rotation i»een*i*iv», -ftoie signal case* then fee 
used to provide a r*Uafc&* and cptiaal signal far the 
applications AiKKHUHKta above. Sot® that two approximate and 
lees calculation ittteweive methods for calculating the 

3.0 vector jRagnittade whose wits srs described in the rotation 
eajflpensetloft approaches of Figures I2» and iac, 

3?he principal cardiac vector magnitude and phase 
( orientation angle J , can also be usad as a diagnostic tool 
to the physician (and could fee measured by the means 

£§ described is reiarence to figures 13&-13C if the implanted 
device is fisted in position by sutures or other m) 

priaeipal depolarization direction of the heart ^feich can 
relate to diffarattt dissasa condition© } , and ears 

20 appropriately be stored for later retrieval, The 

orientation (angla) can he co»put*d par Pigurs 12A fey 
calculating the arctangent of ac/y associated with the 
principal cardiac vector magnitude, 

in addition, if the implanted do vie® is fixed In 

25 position fey eutwres- or other means, the dynamic 

(time-varying) vector electrogram, *{t), may also be useful 
as a diagnostic tool, since it provides the physician with & 
means for visualizing the dynamic changes in orientation and 
Magnitude of the electric field to to the distinctive time, 

30 magnitude, ana orientation pattern of depolarization which 
occurs in the heart* This information may also fee 
indicative and descriptive of different conditions, or 
different states? of the heart. 

Figures 12A-12C employ the nonlinear vector magnitude 

3$ combining circuitry of Figures llA~liC, respectively, tot 



employ the digitised infest signals fro® bra£f*r* 260 and 363 
«f Figwe 10 for the ebarael jhb and B~c digitised signal 
vatl«»». In each of Figures 12A-12C, the na*iwtt» vector 
vales is detara£»«l in foioc& mo. Ttw cer™pond,i»g K ana I 
5 valtss# stored in Wtea 2m and MS ars r«*rievea in blodk 
302 to easploysd to develop iKilti&Xioation factors which 





10 

Elation from the tZxeA «Jbee£s»« and ordinate ! 
the direction of the ^polarisation wav» traveling through 
the heart (a* oftunm is Figure 1) 
IS deviation at which tte vector HsgnitwS* is < 
ahmm in the vectors of Figures! 
rats rotation can fee mthomatioaUy rotated as givni by 
•opatLtrnm for «xun»le in ^U ^^lP^JMOiialS^ 

99, 320-321, by i»rofetsr * Morr^y, Addira S **sl*y 
20 Publishing ccemw, eopgrr&fct U70. ft*« «e«jt version 

• with *axi»«m signal axis rotation is 

of tb® aaxlflnnt signal axis rotation linear combiner network 
are shown in Figures 12B and 12C* 
25 in. «aeh eas«, the values r«tri*v*d in block. 302 are 

separately applied to divider blooks 304 and 30 £ vhitih 
produce, the. Multiplier mines that are applied: to »ulfci»li«r 
olzmltm 3 -os and 3 IP, Sfcft multiplier circuits 308' lai 310 
r*e<siv© the channel A-3 and shann«I c~B far -fie Id 
30 eleetarograsa signal mlues, aaifciply values by the 

multiplier factors and apply tt» jmltipMed valuta* to the 
312 thus th« nani^ asnpiifier 312 
sasa] 

rsflectiag the actual 
field in rvspofiae of ' 
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orieatatlasa of th* £±m& *l*etro4* array to th® principal 
cardiac vector. 

As aescribesl above, each of tbe circuits ©f Flgm-ea w» 
11&-11C or 12A-12C may fcs eoabtnad and employed with the 
§ signal nsfcording and therapy delivering studies! devices 
identified above* 

13b« advantages smsd disadvantage* of the selective 
Serial signal ftrooessiiagf (Figure 7} ®m parallel signal 
pr«e**si*m It, 1IA-11C, IJHfc-lJIC) appsr&ac:h®s can be 

10 s»ari.ged as follows:: 




- does not require test »od© e&sept to 
identify maximal vector angrl* 

- provides aosst optimal signal 

- cm be vaa* in all application* 



- provides eve? 

- detection, CM? interval 
rate d^tersdiiatios* 

- does n~*, provide good ; 
sorpbology of PQHST co*spl©x 



ignal for storing 



m>nn?m 




pairs- of electrodes (int«r-el«atrDd» distance of 1.02 
indies} ana recorded on magnetic- tap* after filtering at .5 
to aso BE. siean peafc~to-peafc amplitude in each 

IS mtizmtian. was d&fceri&inea over a fivs taat . inteirvaX * 
Clear vwx&tags were obtained fro® all 11 patients 
with r*oogni*«toSUi W, W& «m» t Mtfc. The ndittufte **" 
(1^5 < 



2a feitffcMff tbaa recordings from aither the vertical pair {1M 
pias or atom* 6? microvolts) or the horizontal pair (*23 
plus or minus S7 microvolts, F less than .05 ©oafjarad to 
diagonal pairs) . The jnaxi™ aissplitmde recorded from any 
ooftfigmratiosj was 214 plus or minus 41 microvolts, fhes-e 

25 results demonstrate that an implantable arrhythmia monitor 
is able to record adequate signals from & «&a inch square 
device. It ma eoncluded that 



so that the offset of isyopot«ntial» »ay he alleviated hj 

placing the eleotroda array face up, that is against the 




that the i« i d I sigi -1 



vmmmm 



\H1 I V^-hh-.k? 




skilisd «h* art will appreciate that Sim , 
so limited, it will vtim b® 1 

10 at * 

trim the scope of the ] 
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«T IS CLAIMED ISi 

X. in ass it^latttafelfc »odi«al device, «pparatttS for 
detecting a fsr-f i^M cardiac; electrogram sigaaH csasprisingj 

m&sms for providing one or electrode pairs 

adapted to b« dispel o^sida the patient'* hft&rt; 

psanss coapXed to att ©a* or »or* *i*etrode pairs 



seans for providing a OTKand sigrsal 
triggering mhib. 

2. The ttgparataa aocordiag to Claim I fw 

tar processing Mmtlng * 
aigimi Into data signals? and 



i apparatus according to Claim 1 father 

wans for processing and c«a*verfcing said cardiac 
•leetocegraa signal into a control sifR&Xj a»d 

means re*s>©asive to said control ®ig**ai for 
affecting the operating function of said implantable 




for sensing ttoe cardiac electrogram ? 




ac^or&issg to Claim 1 ©r 2 or 3 



Hbmin said providing acans further 
ffissiis £ ©r prsv idiisgr at; 
■disposed .in a planar array 



two electrode pairs 
to to© iupXantod 




*ecor6i&9 to Clasi^s i or 2 or 3 



subcutaneous I v and coup I ad to said implantable medical 
device; and therein «*i<i sensing ssans further 
comprises * 

means f or sensing th® o&rdiac eieotr<sgram« aoresss 
G&Gte of said *a*i«*roa* pairs and providing first: and 
second cardiac slaaetr^raM sipmlsjr and «'h$r*sln staid 



i f rn- jt i ner ; - tig Tu- 



tor l 



aleetaeograa signals and comparing 
to determine the prefers 
the. fi«t»c*;io» of dnsired 



character i tics of the 



Ijj an implantable sosdicai device* apparatus for 
a. far-field electrogram (Em) signal fear storage 
of B&M related data or asalysi» of the cardiac rhytlaa or 
control of operating factions of the device comprising* 

means for providing *» array of spaced electrodes 
on a substrata Adapted to bo iaplautad in contact with 

.switching ma&m #lsctx.icallv «s©upl*d to said 
i for switching on* or wm -pair* of said 



sing and processing ESH signals 
applied tharato and providing sets of output signals 
representing directional or combined vector mm; 



said sue or more pairs of electrodes; and 




- to dais 7 further 



wo nrmm 



FCT/USM «mw 




m& >---- tpi ed to b tj ggered by a store < 

signal tppilM foy the j*t£*ftt within whoa* the device 1* 

imp .1 anted to pperste said eti?re commai 




signal; sud 

external transceiver is^ans for providing said 
tmlmtoeyrwt eigne i to said implantable medical dwviee 

signals. 



11. I:n an implantable »®di©a.l device, a Method of 
detecting a far-field cardiac electrogram signal cMMpriain? 
the steps of f 

providing ©a« ear aware electrode pairs adapted to 
be disposed outside the patient's heart? 

sensing car Siac electrogram signals appearing 
across said one or mora electrode pairs; 

triggering the operation of eels. sensing means 
upon and 

providing a ©cmmaisd signal to said triggering 



processing and converting said cardiac electrogram 



to claim 11 



signal into a control signal? and 

affecting the operating function of said 
is©la**t&fcie medical device- in response to said ©ontroX 



14 . The method according to Claim il or 12 or 13 
«J*erei» said providing steps fortune- < 



•XeetroOe p&ire in a planar may i 

and coupled to said 



sing the c liac lectrogrss aei dss 



15 * The tsethod according t© Claiass 11 or IS or 13 
wherein said providing steps furtfcer comprises* 

pOTidtog at least two electrode pairs disposed in 
a planar array adapted to *m Ijsplant«sd at^tamomsly 
and eonplea to said implantable nedical device; and 
wlwrein said sensing steps further txnpsimt 
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proeassiitg said first and second cardiac 
electrogram signals m& comparing processed signals 
to d*tu»ift* th* prarerred signal which lutte reflets 
tfee detection of desired «&wact«rl*tieB of the 
patient's; cardiac aleefcrograsa? and 

MHploying tftw electrode pair which produces the 

isodes of' the implantable' medical device. 



swfthoLi a - rding to claims I or 



providing at least two electrode pairs disposed i 
planar array adapted to be implanted e«botttaftem*»l3r 
nd coupled to said implantable medical device; and 




said first aj 

electrogram signals and comparing the processed signals 
to deterjBine the preferred signal which better reflects 
the detection of desired characteristics of the 
patient's cardiac electrogram; 

employing the electrode pair which, produces the 
preferred electrogram signal la subsegttsnt storage of 
| memoes: o; the preferred e1ectr> ; :r-»si signal. 



17. In an implantable medical device* a method for 
detecting a far-field cardiac electrogram (mm) signal for 
storage of ISM related data or analysis of tbe cardiac 
riiythai or control of operating functions of the dwic® 
comprising the steps oft 

providing an array of spaced electrodes on a 

substrate adapted to tea implanted in contact with 




210, The method teeordi** i? 1* or IS 

further eaasprisiagj 




providing aaM telotftxy-ont signal to said 



implantable »e&£c*l dtevdce and for reviving- said 
ancodsd aad 1»laMt*£e*-<ait signals through «t«n 
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21. Itiaii implantable jsedieal devise, apparatus for 
detecting a tsar-field electrogram flSKJ signal for storage 
of ma r*lat®£ <tata or »ilpis of the cardiac rhythm or 
control at operating faaotiaas of tfe«. Sevic* comprising s 

for providing an arr«y of spaced electrodes 
ate adapted to be implanted in eeoit«et with 

electrically coupled to said 
electrode for switching one or mora pairs of said 
to selected sets of output terminals* 

coupled to said output 





sets of directional 
signals ; 

mmmm for penetrating 
wpott the occurrence! of a 

sii» to m.M 

for 




means adapted to be triggered by i 
txauaua signal applied *y the patient within • 
device is implanted to « 



vein mi/mmi 



-SO- 

. apparatus according to 



claims 21 or 22. further 



MAS equplsd to «ai<I storing »*• 
said storfcd &&ta§ of 4lxttetiotHfcX or ect 
output £GK sigiwls for tslwtry-tftlt 




apparatus a©c©ra\i«f to Claim 21 whar&iK i8t« 
smmarso gprasratiug s&*»»s is r©a$KS»«£v» to 
of & j^«^ttermin«d cardiacs arrhtytlmia as a. 
sveiifc and further comprising: 



to claim 21 wharain \ 



of a &*vi«e operat ing coMition as a 




signal *© MdA implantable : 





of the patisnt** heart by u 
pjtlsa ©cwnrprisin^j 

i&&a&& for providing array of ela&trodes 
suitably spaced o» a substrata adapted to be iaplatttsd 
in contact, with subcutanaou© ti«m*e r said array 
at least two electrode pairs; 

electrically coupled to said 




said set of 



m«a*s f or jmriettcftlly op® rating saM ffrttefcltttf 
to change the selection of said pair of 



each selected pair and store sets of directional, 




applied pacing stireslafcism puis©, 

28, in an. implantable cardiacs paosasaa&er having pulss 
sot for providing stimulating pulses to cardiac 




cottpliag »ans for cowpling said tfere© ele 
Into fJjtwt aadl s®ce«*& pair© of oloctrodas tor providing 




. to mm detection of a vaster output egk signal 
characteristic ©ocaa?ri»g in a. timing window following 
provision of a stimulating puis© for detecting capture, of 



3«u *3?h& app&r&fcy© according to claim 2? or Claim Z9 
turtha* oewri^iiw for toting threshold 1ml o 

stimulation fey d«t»eti»g tfc* loss of capt**r» of *h# 
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